Liver fibrosis is currently assessed by liver biopsy, a costly and rather cumbersome procedure that is unsuitable for frequent patient monitoring, which drives research into biomarkers for this purpose. To investigate whether the serum N-glycome contains information suitable for this goal, we developed a 96-well plate-based serum N-glycomics sample preparation protocol that only involves fluid transfer steps and incubations in a PCR thermocycler yielding 8-aminopyrene-1,3,6-trisulfonic acid-labeled N-glycans. These N-glycans are then ready for analysis on the capillary electrophoresis-based DNA sequencers that are the current standard in clinical genetics laboratories worldwide. Subsequently we performed a multicenter, blinded study of 376 consecutive chronic hepatitis C virus patients for which liver biopsies and extensive serum biochemistry data were available. Among patients, the METAVIR fibrosis stage distribution was as follows: 10.6% F0, 44.4% F1, 20.5% F2, 18.4% F3, and 6.1% F4. We found that the ratio of two N-glycans, here called GlycoFibroTest, correlates with the histological fibrosis stage equally well as FibroTest ( ‫؍‬ 0.4 -0.5 in F1-
Liver fibrosis in chronic hepatitis patients is currently assessed by liver biopsy. However, this expensive technique can be accompanied by severe complications (1), sampling error (2) , and up to 20% interlaboratory variance (3) . These shortcomings make it unsuitable for regular monitoring of the patient's condition. Nevertheless monitoring the progression of fibrosis would allow determination of the long term responses to existing therapies (e.g. interferon/ribavirin) and emerging candidates for therapy (e.g. small interfering RNA against heat shock protein 47 (4)). Moreover it is important to follow up patients who have clinically significant fibrosis (METAVIR F2-F4 (5)) and to detect cirrhosis in an early stage because cirrhosis substantially increases the risk of developing hepatocellular carcinoma (HCC) 1 (6) . Therefore, non-invasive markers are needed as alternatives or at least complements to the liver biopsy golden standard for monitoring fibrosis evolution over time.
Increased levels of extracellular matrix components are useful for monitoring evolution of liver fibrosis, and in this context serum hyaluronate has been thoroughly studied. This linear polysaccharide is a constituent of the extracellular matrix of peripheral tissues (7) . Its concentration in the serum increases as liver fibrosis progresses because of an increase in its synthesis by activated hepatic stellate cells and in later fibrosis stages also because of reduced clearance by the liver sinusoidal endothelial cells (8, 9) . In patients with clinically significant fibrosis, ␣ 2 -macroglobulin concentrations also increase (10) . This acute phase protein inhibits matrix metalloproteinases, and its production by hepatocytes and activated stellate cells is up-regulated during fibrosis. The aspartate transaminase to platelets ratio index (APRI) (11) measures two routinely assessed parameters: aspartate transaminase concentration and platelet count. Thrombocytopenia during fibrogenesis in patients infected with hepatitis C virus (HCV) can be attributed to hypersplenism (12) as well as to reduced production of thrombopoietin by hepatocytes (13) .
The increase of serum aspartate transaminase concentration during fibrosis progression may be due to reduced clearance by the liver (14) . APRI can predict significant fibrosis and cirrhosis (11) .
In an attempt to improve upon these biochemical parameters, several complex regression and classification algorithms have been designed. Tissue inhibitor of metalloproteinases-1, ␣ 2 -macroglobulin, and hyaluronate are the three components of the FibroSpect test (15) (Prometheus Laboratories, San Diego, CA). Tissue inhibitor of metalloproteinases-1 is produced in the liver mainly by stellate cells and acts as a specific inhibitor of matrix metalloproteinases. Its concentration is increased in advanced liver fibrosis. FibroSpect components are measured in laboratories of the commercial supplier, which should ensure appropriate quality control and reliability. FibroSpect has been validated in HCV patients by some groups (16, 17) . FibroTest (18) (Biopredictive, Paris, France) is a binary logistic regression model designed to distinguish between chronic HCV patients who have clinically significant fibrosis (F2-F4) and those who do not (F0 -F1). It consists of five serum biochemical markers (␣ 2 -macroglobulin, apolipoprotein A-I, ␥-glutamyl transpeptidase, haptoglobin, and total bilirubin) as well as the patient's age and gender. The investigators who developed and commercialized the FibroTest algorithm have published several studies to validate it. However, only a few other groups have independently assessed the performance of FibroTest, and few studies compared the performance of the algorithm with the performance of the individual parameters constituting the model and with other fibrosis correlates. Moreover as FibroTest is in principle accessible only via a Web interface in which one enters the clinical chemistry values measured in their own laboratory, it may be quite difficult to assure the quality of output. Indeed measured ␣ 2 -macroglobulin and apolipoprotein A-I values can be different when measured on two different analyzers even when they have been calibrated against the same standard (Beckman-Coulter, Krefeld, Germany versus Dade Behring, Eschborn, Germany) (19) . This is an important issue given the strong dependence of FibroTest on its ␣ 2 -macroglobulin component (see below). FibroTest results have to be interpreted cautiously because measuring five components not only increases overall variance but also broadens the range of possible interferences (2), such as inflammation (increase in either haptoglobin or ␣ 2 -macroglobulin), Gilbert syndrome (increase in unconjugated bilirubin), and a decrease in haptoglobin and/or elevation of unconjugated bilirubin because of hemolysis.
Several new approaches have recently been developed to assess liver fibrosis. FibroScan (20) (Echosens, Paris, France) uses transient elastography to measure the stiffness of the liver, which correlates with the amount of scar tissue formed. Briefly when an elastic shear wave is introduced in the liver by low frequency vibrations, its velocity will depend on the stiffness of the tissue. Although the test is rapid, reproducible, and useful in diagnosing advanced fibrosis (F3-F4), it is rather expensive, and measurements are difficult to perform in obese patients. Increased values are also seen in patients with acute liver inflammation. In 2001 (21) we introduced an ultrasensitive method to profile protein-linked N-glycans using a slab gel-based DNA sequencer. We used this method to identify GlycoCirrhoTest as a serum N-glycome-derived biomarker for advanced liver disease (cirrhosis) (22) . However, the method was still rather cumbersome and hard to use. Here we introduce a more simple assay (Fig. 1 ) that is optimized to prepare 8-aminopyrene-1,3,6-trisulfonic acid (APTS)-labeled N-glycans from total serum protein. All reaction steps can be done in a 96-well plate format only requiring a thermocycler and reagent transfer steps making it suitable for clinical implementation. These samples can then be analyzed on state-of-the-art and high throughput DNA sequencers without changing the settings needed for genomics (23) . From a simple serum N-glycome analysis on standard DNA analyzers, three biomarkers can be derived (Fig. 2) . GlycoCirrhoTest (22) can distinguish compensated (early stage) cirrhosis from non-cirrhotic chronic liver disease with 79% sensitivity and 86% specificity (both 100% in decompensated cirrhosis). GlycoHCCTest helps in distinguishing cirrhosis patients with HCC from those without (24) . Moreover we found indications that GlycoFibroTest, which is the ratio between the agalacto glycans shown in Fig. 2 (NGA2FB) and the fully galactosylated triantennary glycans (NA3; Fig. 2 ), appeared to rise gradually with increasing fibrosis stage. Consequently this ratio might be a promising marker for the follow-up of liver fibrosis progression. To validate this GlycoFibroTest, we undertook the current study.
EXPERIMENTAL PROCEDURES
Patients-Initially 400 consecutive chronic HCV patients from the Fibropaca study (25) were enlisted. All participants signed informed consent and did not have any sign of decompensated cirrhosis according to Child-Pugh classification (ascites, encephalopathy, serum total bilirubin Ͼ2 mg/dl, serum albumin Ͻ3.5 g/dl, and International Normalized Ratio Ͼ1.7). Liver biopsies and biochemical parameters were obtained on the same day and analyzed in each of the five participating centers in France. Of these, 376 patients (supplemental table) had a complete data set for GlycoFibroTest, hyaluronate, and FibroTest (and thus its components) and were included in this study. GlycoFibroTest and FibroTest were determined without knowing biopsy results. According to the criteria of Regev et al. (26) , 53% of the patients had a biopsy of good quality, 39% had a biopsy of fair quality, and 8% had a biopsy of poor quality. The prevalence of each METAVIR fibrosis stage (5) was 10.6% F0, 44.4% F1, 20.5% F2, 18.4% F3, and 6.1% F4.
N-Glycome Analysis-Two microliters of 10 mM NH 4 HCO 3 , pH 8.3, containing 5% SDS was added to 5 l of serum (Fig. 1) . The samples were then incubated in a PCR thermocycler (5 min at 95°C followed by 15 min at 4°C). Subsequently 0.5 IUBMB milliunits of peptide N-glycosidase F (New England Biolabs, Ipswich, MA) in 3 l of 10 mM NH 4 HCO 3 , pH 8.3, containing 3.33% Nonidet P-40 was added, and the reaction mixture was incubated for 3 h at 37°C. Then 2 milliunits of ␣(233,6,8,9)-sialidase from Arthrobacter ureafaciens (Glyko, San Leandro, CA) in 8 l of 50 mM NH 4 Ac, pH 5, was added to the samples followed by incubation for 3 h at 37°C. From the sample 2 l was transferred to a new PCR tube or 96-well plate containing 5 l of Milli-Q water and evaporated to dryness, leaving the tubes and lid of the cycler open (45 min at 60°C). The glycans were labeled at the reducing terminus by adding 2 l of a 1:1 mixture (v/v) of 20 mM APTS (Molecular Probes, Eugene, OR) in 1.2 M citric acid and 1 M NaCNBH 3 in dimethyl sulfoxide. The samples were incubated at 37°C for 16 h. The reaction was quenched by adding 200 l of Milli-Q water, and 10 l of a 1:800 dilution was analyzed by DNA sequencer-assisted fluorophore-assisted carbohydrate electrophoresis (DSA-FACE) using an ABI 3130 multicapillary sequencer (Applied Biosystems, Foster City, CA) as described earlier by our group (23) . The 12 most intense peaks that were detected in all samples (together they accounted for Ͼ90% of total serum N-glycans) were quantified using the GeneMapper software of the sequencer. Their peak height intensities were normalized to the total intensity of the measured peaks.
Protein Quantification-Albumin, IgG, IgA, transferrin, ␣ 2 -macroglobulin, apolipoprotein A-I, and haptoglobin were measured by immunonephelometry using commercially available antibodies on a Nephelometer II analyzer (both from Dade Behring) (27) . A Hitachi 917 Analyzer (Roche Diagnostics, Basel, Switzerland) was used to measure ␥-glutamyl transpeptidase, alanine transaminase, and total bilirubin with commercially available reagents. Total protein concentrations of the various fractions obtained after depleting both IgG and albumin were measured on a Modular P system (Roche Diagnostics) by the sensitive pyrogallol red assay (28) .
IgG/Albumin Depletion of Sera-Serum samples from 15 additional chronic HCV patients (three per METAVIR fibrosis stage) were obtained from an outpatient clinic (Ghent University Hospital). Anti-HCV antibodies and HCV RNA were detectable in every patient, and the available sera volumes were high enough to perform the purification experiments. All patients gave their informed consent, and Ghent University Hospital's Ethics Committee approved the protocol. The fibrosis stage of the patients was assessed using liver biopsy and according to the METAVIR scoring system (5). IgG and albumin were depleted from these samples using the ProteoPrep Immunoaffinity Albumin and IgG Depletion kit (Sigma-Aldrich) according to the manufacturer's instructions. Briefly 20 l of serum was diluted 5ϫ in the equilibration buffer (low ionic strength Tris buffer, pH 7.4) and applied to the spin column followed by incubation for 5-10 min. After centrifugation (1 min at 3000 rpm), the eluate was reapplied to maximize binding. The unbound proteins were flushed off the column with 125 l of the equilibration buffer. The serum depleted of IgG and albumin (225 l) was stored at Ϫ20°C. Subsequently the column-bound proteins were eluted with 2 ϫ 150 l of 40 mM Tris buffer, pH 10.4, containing 7 M urea, 2 M thiourea, and 1% C7BzO (3-(4-heptyl)phenyl-3-hydroxypropyldimethylammoniopropanesulfonate) detergent. Eluate was stored at 4°C. Before measuring protein concentration, serum, IgG/albumin-depleted serum, and IgG/albumin fractions were diluted 100ϫ, 4ϫ, and 5ϫ, respectively, with the commercial Ndiluent buffer (Dade Behring) to neutralize fractions.
N-Glycan Analysis of the Three Fractions Obtained after IgG/Albumin Depletion of Sera-Our optimized 96-well on-membrane deglycosylation method (23) was used to prepare APTS-labeled N-glycans from the three fractions obtained from each serum sample. Samples were then digested with A. ureafaciens sialidase (Glyko): 0.5 l of sample was added to 2 l of 5 mM NH 4 Ac, pH 5, containing 2 milliunits of sialidase and incubated overnight at 37°C. Mixtures were evaporated to dryness under vacuum and reconstituted in 10 l of Milli-Q water. The samples were injected in the capillaries of an ABI 3130 DNA sequencer (Applied Biosystems,) for 80 s at 1200 V and further analyzed as described previously (23) .
Statistical Analysis of the Data-To assess the classification efficiency of the different biomarkers, receiver operating characteristic (ROC) curve analysis was done to determine the area under curve (AUC) values. All error bars, unless otherwise stated, represent 95% confidence intervals (CI) for the mean. To determine whether components were correlated with each other, we used the two-tailed Spearman rank correlation test. All analyses were performed with the SPSS 15.0 software (SPSS Inc., Chicago, IL).
RESULTS

Performance of GlycoFibroTest as Liver Fibrosis
Correlate-We developed a protocol that is optimized to prepare and analyze the N-glycans derived from total serum protein (N-glycome) as described under "Experimental Procedures" (Fig. 1) . Briefly an SDS-containing buffer is added to the serum to denature the proteins, and subsequently the N- glycans are specifically released from their carrier proteins by adding peptide N-glycosidase F. Finally the N-glycans are desialylated (to simplify the final N-glycan profile) and labeled with an APTS fluorophore, allowing separation and detection on currently available DNA sequencers. During liver fibrosis progression, the amount of NGA2FB increases and the NA3 concentration decreases in the N-glycome (see Fig. 2 for nomenclature). We renamed the log-transformed ratio between NGA2FB and NA3 as GlycoFibroTest. Mean GlycoFibroTest and hyaluronate values appear to increase in an exponential fashion with increasing fibrosis stage (Fig. 3) with substantial increases from F1 onward. This is an expected feature for a marker that can monitor fibrosis progression. Indeed the amount of fibrotic tissue accumulates progressively more rapidly during fibrosis progression. GlycoFibroTest and hyaluronate correlate equally well with the METAVIR classification (F1-F4) of liver fibrosis ( ϭ 0.44 and 0.45, respectively; correlations are significant at the 0.01 level).
The mean FibroTest values for the consecutive fibrosis stages appear to increase in a sigmoidal way with the transition between F1 and F2 (Fig. 4) . This is due to the binary logistic regression model on which the seven-parameter test is based to distinguish between F0 -F1 and F2-F4 (i.e. clinically significant fibrosis). To assess the contribution of each of the individual parameters to making this distinction, we determined the area under the ROC curves. The mean AUC (with 95% CI) for diagnosing significant fibrosis was 0.78 (0.73-0.82) for FibroTest. For ␣ 2 -macroglobulin, one of the FibroTest components, the AUC was 0.75 (0.70 -0.80) ( Fig. 3; other FibroTest parameters are in the supplemental figure) . Thus, the diagnostic power of ␣ 2 -macroglobulin is very similar to that of the complete algorithm, and the averages of ␣ 2 -macroglobulin values in the consecutive fibrosis stages appear to increase in a sigmoidal fashion (Fig. 3) : ␣ 2 -macroglobulin concentrations increase sharply from F1 to F2 but do not increase much in the later stages of fibrosis. By combining the other FibroTest components with ␣ 2 -macroglobulin, the averages of the combined biomarker in the consecutive fibrosis stages map better to a line. FibroTest correlates moderately well with the METAVIR fibrosis stage in the F1-F4 area ( ϭ 0.51) as equally good as GlycoFibroTest and hyaluronate.
We created multivariate logistic regression models with GlycoFibroTest, FibroTest components, and hyaluronic acid in an attempt to create better predictors for significant fibrosis. Nevertheless these models were not significantly better than the individual biomarkers (data not shown). However, we optimized GlycoFibroTest, a very useful marker to monitor fibrosis progression from F1 onward by combining it with ␣ 2 -macroglobulin (Fig. 3) , which is slightly better at distinguishing F0 -F1 from F2-F4 (AUC ϭ 0.75 versus 0.71) in a binary logistic regression model (Fig. 4) . This model yielded a biomarker with an area under the ROC curve of 0.79 (0.75-0.84) for diagnosing significant fibrosis and with a F1-F4 correlation at least as good as that of FibroTest ( ϭ 0.55 versus 0.51). A second study will be necessary to verify the additional value of this biomarker compared with GlycoFibroTest alone. Poynard et al. (29) showed that the prevalence of fibrosis stages has an effect on the AUC for diagnosing ՆF2 and suggested the DANA (difference advanced Ϫ non-advanced fibrosis stage analysis) index to model a homogeneous liver fibrosis stage distribution (i.e. prevalence of each stage: 20%). Table I lists the AUCs estimated according to DANA.
IgG: Carrier of Undergalactosylated Biantennary Glycans of GlycoFibroTest-In the course of our studies, we noted that agalacto N-glycans in serum were much more difficult to regalactosylate enzymatically when still bound to their carrier proteins than when they had been released from the proteins by peptide N-glycosidase F treatment. Thus, the accessibility of these N-glycan chains seems to be hindered. As the N-glycans on the Fc part of IgG are often only partially galactosylated and as these N-glycans are indeed partially shielded by the IgG protein chain (30), we investigated the extent to which the agalacto N-glycans in the serum of fibrosis patients were linked to IgG. We approached this question by purifying out IgG and albumin, carefully quantifying the proteins in the different fractions obtained, and correlating the results with N-glycan profiles obtained from these fractions (Fig. 5) . ProteoPrep Immunoaffinity Albumin and IgG Depletion kit columns contain two media with small antibody fragments (12 kDa) that specifically bind to albumin and IgG. Removal of albumin does not interfere with the aim of this study because it is not glycosylated. SDS-PAGE (Fig. 5B) shows that the albumin (66-kDa) and IgG heavy chain (50-kDa) bands are absent in the depleted samples, whereas no other proteins are detected in the purified fractions. To further assess purification efficiency, absolute protein quantification was done on sensitive and clinically validated analyzers. This showed that the purification was reproducible ( ϭ 4 -6% for IgG, IgA, and transferrin), and only albumin recovery was more variable ( ϭ 12%). Transferrin and IgA were used as representatives of the non-IgG glycoprotein population and were recovered from the columns with the same efficiency (75 Ϯ 5 and 81 Ϯ 6%, respectively); thus we only looked at the effect of removing IgG and albumin. The purification data showed that, on average, 99% ( ϭ 1%) of IgG was removed from the sera, and this resulted in an almost total depletion of the undergalactosylated biantennary glycans in the N-glycome (Fig. 5C) . Noteworthy is that all agalacto glycans in the cirrhosis sample shown in Fig. 5C were removed after IgG/albumin depletion, although IgA constitutes 29% of the proteins in this fraction (serum IgA concentration was 6.1 g/liter). For the IgG fractions, an average purity of 94% ( ϭ 3%) was obtained. In the corresponding sugar profiles, the pattern of undergalactosylated biantennary glycans corresponds to the glycans depleted from the serum. These findings show that IgG is the only major protein carrying these structures.
In the sera we see that NGA2F and NGA2FB gradually increase as liver fibrosis progresses (Fig. 6A, red lines) . This is reproduced in the IgG fraction but not in the IgG/albumindepleted serum. The mean undergalactosylation state of IgG (i.e. the log-transformed ratio between NGA2F and NA2F) increases in a linear fashion over the consecutive fibrosis stages and reaches a maximum in the F3-F4 area. Another observation is that NA2FB, which is specifically up-regulated in serum of cirrhosis patients (GlycoCirrhoTest (22)), is present in higher abundance only in IgG/albumin-depleted serum of cirrhosis patients, whereas this is not the case for the IgG fractions (Fig. 6A, green lines) . As most of the non-IgG glycoproteins in serum are produced by hepatocytes, this finding is in line with the report of Ishibashi et al. (31) that the activity of N-acetylglucosaminyltransferase III, which is responsible for this bisecting N-acetylglucosamine (GlcNAc) modification on NA2FB, is increased in liver nodules of cirrhosis patients. Finally the decrease in fully galactosylated triantennary Nglycans (NA3) in serum during liver fibrosis progression can be seen in the IgG/albumin-depleted fraction but not on IgG (Fig. 6A, blue lines) . Indeed triantennary structures on human IgG are rare (32) .
DISCUSSION
Liver biopsy is often indicated for newly diagnosed chronic liver disease. When used in combination, non-invasive markers such as GlycoCirrhoTest, FibroTest, and hyaluronate are reliable tools for diagnosis of liver cirrhosis in a large portion of the patients, even at an early stage of cirrhosis (8, 22) , and to exclude the presence of significant fibrosis in a fraction of the patients. However, we believe that the true value of noninvasive surrogate markers does not lie in avoiding that first liver biopsy but in monitoring the progression of the disease over the many years that often lie between first diagnosis and serious complications. Such monitoring would be valuable for making clinical decisions. For example, continuous progression of fibrosis in treated patients would indicate non-responders and would necessitate more intensive monitoring of those patients; early detection of clinically non-overt (compensated) cirrhosis will allow screening of this HCC risk group and hopefully detection of HCC when surgery is still beneficial. For monitoring liver fibrosis progression in chronic HCV patients, our data strongly suggest that GlycoFibroTest, FibroTest, and hyaluronate have almost identical value (very similar correlation to the F1-F4 META-VIR stages). Longitudinal studies are ongoing to monitor F1 and F2 patients for several years to confirm these notions.
Moreover ongoing studies show that GlycoFibroTest can be applied to other underlying causes of liver fibrosis, such as non-alcoholic steatohepatitis (37) and hepatitis B virus infection. groups (B) . A, the total signal of the 12 analyzed glycans was used to normalize the abundance of each glycan species. The undergalactosylation state of IgG is the log-transformed ratio between the core-fucosylated biantennary agalacto sugar (NGA2F) and its galactosylated counterpart (NA2F). B, the concentrations of both GlycoFibroTest components (NGA2FB and NA3) in the serum N-glycome were plotted against the METAVIR classification of liver fibrosis for two patient populations. The first population consists of 376 HCV patients (main study group); the second consists of 15 HCV patients (IgG study group). For the analyzed Nglycans, a similar trend is observed in both populations. The error bars represent the 2ϫ S.E. Lightest gray, F0; light gray, F1; medium gray, F2; darkest gray, F3; black, F4.
FibroTest is based on the ratio between a bisecting GlcNAcmodified agalacto glycan and a triantennary glycan. The latter decreases with fibrosis but not in diseases such as RA. Moreover the bisecting GlcNAc modification on IgG glycans is up-regulated in fibrosis but not in RA (34) . Furthermore IgG concentrations tend to progressively increase with fibrosis stage (35) , augmenting the fraction of N-glycans in the total serum N-glycome that are derived from IgG. No such alteration in IgG concentration occurs in RA. The consequence of these three factors is that the GlycoFibroTest values for 24 RA patients overlapped only with F0 -F1 patients in our previous study (22) , and thus interference of such a disease with the monitoring of fibrosis progression is small if any. Fibrosis biomarkers that rely only on IgG undergalactosylation (36) would likely not benefit from these specificity advantages of GlycoFibroTest in patients with another necroinflammatory disease. The undergalactosylation of IgG prompts for further research so that we fully understand the pathophysiology that underlies the glycosylation changes in chronic liver disease.
However, the glycomics-based biomarkers have some advantages over the other surrogate markers. The robust and sensitive method (DSA-FACE) (23) by which the glycans are analyzed allows standardized implementation of this technology in any clinical laboratory that has a standard DNA sequencer, and we are working toward this goal. The assay that we used to prepare and label N-glycans only requires a thermocycler and can be learned by a laboratory technician in short notice. Moreover still simpler assays are under development. As the N-glycome profile (renamed as GlycoHepatoTest) provides useful information over the whole spectrum of chronic liver disease (GlycoFibroTest, GlycoCirrhoTest, and GlycoHCCTest), we envisage its use in the following way: (i) monitoring of liver fibrosis progression using GlycoFibroTest alone or in combination with ␣ 2 -macroglobulin; (ii) improved diagnosis of early stage (compensated) liver cirrhosis using GlycoCirrhoTest in combination with FibroTest (22) , hyaluronate, or APRI; and (iii) improved diagnosis of HCC in cirrhotic patients using GlycoHCCTest in combination with ␣-fetoprotein (24) . In this way, GlycoHepatoTest strongly complements the current arsenal of well validated single parameter clinical chemistry used in the hepatology field without having to resort to complicated multivariate statistical models. 
